Six direct plating media were evaluated for their suitability to recover uninjured, heat-injured, and freeze-injured cells of four strains of Listeria monocytogenes from four foods. Cells were inoculated into foods to achieve ca. 102 to i03, 194 to 105, or used to isolate L. monocytogenes from foods subjected to heating or freezing processes lack provisions for recovering injured cells or the suitability of the procedures to recover uninjured cells is unknown.
riosis involving pasteurized milk (12) , Mexican-style cheese (16) , and cole slaw (23) have been documented. Although emphasis has primarily been placed on the behavior of L. monocytogenes in dairy products, the organism is widespread in the environment and has been isolated from a wide range of foods (22) . Detection and enumeration procedures for L. monocytogenes in foods have been largely unsatisfactory, owing to the amount of time required to complete analyses. Successful isolation procedures currently in use involve various enrichment techniques (11, 13, 18 ) that require several days to months before confirmation can be made. Direct plating without prior enrichment has been unsuccessful, owing to complications associated with enumerating the organism in foods containing high populations of other microorganisms.
Several studies have been conducted to examine the ability of L. monocytogenes to survive heating (2, 3-5, 9, 10; D. A. Golden, L. R. Beuchat, and R. E. Brackett, Food Microbiol., in press) and freezing (Golden et al., in press). Although the organism is quite resistant to temperature stress, it undergoes sublethal injury upon exposure to elevated (52 to 60°C) or reduced (-18°C) temperatures (2; Golden et al., in press). However, the literature reveals little information concerning the suitability of media to recover sublethally injured cells of L. monocytogenes from foods.
As a result of sublethal heating or freezing, most microorganisms undergo metabolic injury, resulting in their inability to recover and form colonies on selective media that otherwise would support growth (17) . Several investigations have demonstrated that sublethally injured bacteria typically have increased nutritional requirements (1, 14, 15, 21) . Despite these observations, either the methods currently * Corresponding author.
used to isolate L. monocytogenes from foods subjected to heating or freezing processes lack provisions for recovering injured cells or the suitability of the procedures to recover uninjured cells is unknown.
The purpose of this investigation was to evaluate and compare six selective direct plating media for their suitability to recover uninjured, heat-injured, and freeze-injured cells of L. monocytogenes from pasteurized whole milk, chocolate ice cream mix, Brie cheese, and raw green cabbage. MATERIALS were used to recover heat-injured cells, they were obtained from Difco; when MLA and MMLA were used to recover uninjured and freeze-injured cells, they were prepared in our laboratory. Both formulations were the same, and uninjured cells were plated onto both formulations to determine if recovery was affected.
Enumeration procedure. Food slurries were serially diluted to 100 to 10-7 in buffer and surface plated (0.1 ml) in duplicate as appropriate onto test media. All inoculated media were incubated at 30°C for 48 h before colonies presumed to be L. monocytogenes were enumerated. Confirmation procedure. Representative presumptive colonies of L. monocytogenes were selected from test media, streaked onto TPA, and incubated for 24 h at 30°C. Tests used to confirm these isolates included examination of cellular morphology and tumbling motility in wet mounts, Gram reaction, catalase production, H2S production, nitrate reduction, urease production, Voges-Proskauer reaction, hemolytic activity on horse blood agar (tryptose blood agar base [Difco] containing 5% horse blood), umbrella-shaped growth in motility test medium (Difco), API 20S profile, and ability to produce acid from the fermentation of glucose, mannitol, maltose, rhamnose, and xylose.
Statistical analyses. We used a split-plot model in which each of the five replicates within a food type were equally and randomly divided among the four inoculum populations of L. monocytogenes. Analysis of variance and the Duncan multiple-range test were used to determine if there were statistical differences (within treatments) between media for recovering uninjured, heat-injured, and freeze-injured cells.
All analyses were done by using a statistical analysis software (SAS) package (version 5.16; SAS Institute, Inc., Cary, N.C.). When appreciable data were missing, largely owing to overgrowth with microflora other than L. monocytogenes, complete analysis was not possible.
RESULTS
Pasteurized milk. Data illustrating the suitability of direct plating media for recovering uninjured, heat-injured, and freeze-injured cells of L. monocytogenes from pasteurized milk are presented in Table 1 . Generally, MLA, GBNTSA, MDA, and MMLA were equivalent for recovering uninjured cells. MDA was slightly inferior to the other three test media for strains Scott A and Brie-1 at the medium inoculum level and for strain DA-3 at the low inoculum level. Recovery of heat-injured cells on MLA and GBNTSA was statistically equal for all four test strains at all three inoculum levels, but for Scott A better recovery was attained at the medium inoculum level with MLA. In almost all instances, MDA and MMLA were inferior to MLA and GBNTSA but were generally statistically equivalent to each other. The abilities of the four test media to recover freeze-injured cells of L. monocytogenes were strain dependent. No statistical differences in recovery were observed for test media inoculated with the three populations of freeze-injured cells of strain LCDC 81-861. GBNTSA was statistically equal or superior to MLA, MDA, and MMLA at all three populations of strains Scott A, Brie-1, and DA-3.
Chocolate ice cream mix. The performance of media in recovering L. monocytogenes from chocolate ice cream mix was similar to that achieved with milk (Table 1) . Complete recovery was attained with all three inoculum levels for all four test strains. No statistical differences in recovery of uninjured cells of strains Scott A, LCDC 81-861, and DA-3 were observed on MLA, GBNTSA, MDA, and MMLA, regardless of inoculum size; slight differences between media were observed at the medium and high inoculum levels of strain Brie-1. At the medium inoculum level, GBNTSA was statistically best for recovering uninjured cells of strain Brie-1; MLA, MDA, and MMLA were inferior to GBNTSA but were statistically equivalent to each other. GBNTSA was statistically better than MMLA and equivalent to MLA and MDA for recovering uninjured cells from ice cream mix containing the highest population. Generally, MLA and GBNTSA were statistically equivalent in their abilities to recover heat-injured cells, whereas MDA and MMLA were statistically equivalent to each other and inferior to MLA and GBNTSA. Some diversity was observed among media with regard to their suitability to recover freeze-injured cells of L. monocytogenes. GBNTSA was consistently statistically better than or equivalent to MLA, MDA, and MMLA for recovering freeze-injured cells.
Brie cheese. None of the four media was consistency suitable for recovering low inocula of L. monocytogenes from Brie cheese ( 
